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Abstract 

Aim: In this study, we aimed to analyze the relationship between pulmonary artery (PA) and inferior vena cava (IVC) diameters in non-contrast chest computerized 
tomography (CT) images of patients with coronavirus disease 2019 (COVID-19) and overall survival. 

Material and Methods: This retrospective study consisted of 404 consecutive patients who underwent chest CT after admission to the emergency department 
between May 1 and June 31, 2021. CT measurements were performed by two radiologists. The prognostic value of PA and IVC diameters, the computerized 
tomography severity score (CT-SS), quick sequential organ failure assessment (qSOFA), and confusion, urea, respiratory rate, blood pressure, and age >65 
years (CURB-65) score on overall survival were examined. 

Results: The median age of the participants was 62 years (49-72), and 196 (48.5%) were male. Of the 404 patients, 61 died after admission. While main-PA, 
left-PA, right-PA (p < 0.001) and IVC-transverse (IVC-Tr) (p = 0.045) diameters were larger and statistically significant in the patients who died (AUC; 0.686, 
0.722, 0.746, and 0.581, respectively), a statistically significant difference was not detected in terms of IVC anteroposterior diameter (IVC-AP) (p = 0.053) and 
the IVC-Tr/AP (p = 0.754) ratio. There was a statistical difference in mortality in qsOFA, CURB-65, and CT-SS values (AUC; 0.727, 0.798, and 0.708 p < 0.001, 
respectively). 

Discussion: PA diameters measured from chest CT images at admission (main-PA = 26.5 mm, right-PA = 22.9 mm, and left-PA = 21.6 mm) and the IVC-Tr 
diameter (=>34.5 mm) can be used as mortality predictors for COVID-19, along with other prognostic scores. 
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Introduction 

COVID-19, which has affected millions of people and has 
become a global health problem, is characterized by a wide 
range of infectious symptoms ranging from mild to severe, 
including acute respiratory distress syndrome (ARDS) as its 
primary complication. Six to 20 percent of patients require 
hospitalization [1], and the mortality rate among hospitalized 
patients ranges from 11% to 28% [2,3]. 

Early and easy identification of patients who may have poor 
outcomes after hospital admission is important to optimize 
the use of resources. Various prognostic scores have been 
developed to determine the high risk of death in patients with 
community-acquired pneumonia. The pneumonia severity index; 
confusion, urea, respiratory rate, blood pressure, and age =65 
years (CURB-65) score; and the quick sequential organ failure 
assessment (qSOFA) score are well verified as supporting 
the prognosis of pneumonia [4]. Many scores have proven 
to be useful tools for determining the prognosis in patients 
with suspected infection in the emergency department (ED), 
intensive care units, and at home [5-7]. It is well known that the 
severity of pulmonary parenchymal involvement in COVID-19 
is also associated with a poor prognosis. Non-contrast chest 
computerized tomography (CT) is a useful tool for the initial 
evaluation of patients with suspected COVID-19 infection and 
offers high sensitivity for the diagnosis of the disease [8]. CT 
severity scores can help classify patient risk and predict short- 
term outcomes in patients with COVID-19 pneumonia [9, 10]. 
The pulmonary artery (PA) and the inferior vena cava (IVC) 
are venous systems that carry deoxygenated blood to the 
lungs. Reduction of pulmonary compliance in the presence 
of pneumonia results in severe hypoxemia and ARDS. It is 
assumed that long-term hypoxemia due to severe pneumonia 
may result in higher pulmonary vascular resistance and 
increased diameters in venous system vessels [11]. Widespread 
alveolar damage, PA thrombosis, and interstitial pneumonia 
with right ventricular (RV) expansion have been found in 
autopsies performed on COVID-19 patients [12]. In severe 
COVID-19 patients undergoing echocardiography, enlargement 
of the right-hand heart cavities, decreased RV function, and 
high PA systolic pressures have been identified [13]. While 
echocardiography is less preferred due to limited resources and 
technical and practical limitations related to the need to reduce 
the exposure of health workers to viral load, non-contrast 
chest CT is widely adopted for COVID-19 pneumonia diagnosis, 
monitoring, and prognosis [14]. Reference values for IVC and PA 
diameters, which can be easily measured with chest CT scans, 
have been determined for healthy people [15,16]. 

For these reasons, we assumed that PA and IVC diameters 
would be useful in classifying the risk of COVID-19 patients. 
We aimed to determine the prognostic estimation of severity 
scores and IVC and PA diameters in non-contrast chest CT 
images of COVID-19 patients. 


Material and Methods 

This was a_ single-centered, retrospective cohort study. 
Participants comprised of adult patients whose non-contrast 
chest CT images had been acquired after admission to the ED 
between May 1 and June 31, 2021, and were confirmed to have 


COVID-19 using a polymerase chain reaction test. The study 
was approved by the local ethics committee (no: 2022/326). 
Clinical data were demographic characteristics (gender and 
age), (hypertension, diabetes, chronic lung 
disease, and cardiovascular disease), vital findings, tomography 
images, blood analysis results, and clinical outcome (survival or 
death) derived from the hospital information system and ED 
patient forms. Disease severity scores (i.e. CURB-65, qSOFA, 
and computerized tomography severity score [CT-SS]) and 
the diameters of venous system vessels (i.e. IVC and PA) were 
compared with patient outcomes. Incomplete data on follow-up 
was considered an exclusion criterion. 

Chest CT Scan 

All non-contrast chest CT scans were obtained using a 
16-detector CT scanner (Toshiba Alexion™; Toshiba Medical 
Systems Corporation, Nashu, Japan). Measurements were made 
from 1-mm thick axial images using standard windows (i.e. 
lung: width 1400 HU, center 450 HU; mediastinum: width 350 
HU, center 40 HU). 

Chest CT Analysis 

The measurements were made by two radiologists with 
experience in cardiothoracic imaging, who were blind to all 
clinical data to reduce possible analysis bias and increase 
the homogeneity and reliability of the data. In addition to 
identifying any lung involvement parameters (i.e. ground-glass 
opacities, consolidation, halo sign, inverted halo sign, and 
pleural effusion), IVC-Tr, IVC-AP, and PA diameter measurements 
were made. The main PA diameter was measured at its origin, 
proximal to the branching point. Left-PA and right-PA diameters 
were measured just after the main PA branching. These points 
are easy to identify anatomically, which makes them highly 
repeatable. [VC measurements were performed at the widest 
level before draining into the right atrium. The measurements 
are summarized in Figure 1. 

The CT-SS was calculated for each of the two hemithoraces 
taking into account the scope of anatomical involvement as 
follows: O points, no involvement; 1 point, <5% involvement; 2 
points, 5-25% involvement; 3 points, 26-50% involvement; 4 
points, 51-75% involvement and 5 points, >%75 involvement. 
The resulting global CT-SS was determined as the sum of each 
hemithorax score. The presence of related properties, such as 
ground-glass opacity (GGO), fibrosis, consolidation, subpleural 
lines, halo sign, inverted halo sign, and pleural effusion, were 
also defined. The distribution of lung abnormalities was 
classified as mainly peripheral, central, or both peripheral and 
central. 

Statistical Analyses 

All statistical analyses were carried out using a statistics 
package program (Jamovi Project Computer Software, Version 
1.6; Sydney, Australia). Continuous variables with normal 
distributions were defined by mean and standard deviations, 
and continuous variables that did not show normal distributions 
were defined by median and interquartile ranges. Categorical 
data were shown as frequencies (n) and percentages (%). The 
Shapiro-Wilk test was used to check whether the data were 
distributed normally. To compare continuous variables with 
normal and non-normal distributions, the t-test and the Mann- 
Whitney U test were used, respectively. A chi-squared test was 


comorbidities 
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used to compare the categorical data. For all comparisons, a 
Type | error was considered to be 5%. To determine the cut- 
off levels for the main-PA, right-PA, left-PA, IVC-Tr, qSOFA, 
CURB-65, and CT-SS values for mortality, a receiver operating 
characteristic (ROC) curve was generated. Finally, sensitivity, 
specificity, and positive predictive and negative predictive 
values were calculated for the main-PA, right-PA, left-PA, IVC- 
Tr, SOFA, CURB-65, and CT-SS values. 


Results 

A total of 404 patients were included in the study. The median 
age was 62 years (49-72), and 48.5% of the patients were 
male. In-hospital mortality was 15.1% (61 cases), and the 
median age of those who died was 74 years (68-81). The 
most common comorbid diseases were hypertension (50.2%), 
diabetes mellitus (28.2%), and coronary artery disease (17.6%). 
As expected, the patients who died were the oldest, and they 
had the most comorbidities. While the presence of GGO and 
pleural effusion in the CT-SS was statistically significant for 
mortality, consolidation and halo sign were not significant. The 
demographics, clinical characteristics, and CT-SS findings are 
presented in Table 1. While main-PA, left-PA, right-PA, and IVC- 
Tr diameters were wider and statistically significant in patients 


Table 1. Demographic characteristics, vessel diameters, chest 
computerized tomography findings, and prognostic scores of 
patients with COVID-19. 


All ‘i Non- 
Survivors _ 
survivors 


n 343 


patients 
n 404 né61 


Demographics 


Male sex, n (%) 196 (48.5) 154 (44.9) 42 (68.9) <0.001 
Age, median (IQR), years 62 (49-72) 60 (47-70) 74 (68-81) <0.001 
Chest CT, n (%) 

GGO 285 (70.5) 233 (67.9) 52 (85.2) 0.01 

Consolidation 77 (19.1) 65 (19.0) 12 (19.7) 1.00 
Halo sign 14 (3.5) 13 (3.8) 1 (1.6) 0.641 
Reverse halo sign 27 (6.7) 26 (7.6) 1 (1.6) 0.152 
Pleural effusion 24 (5.9) 14 (4.1) 10 (16.4) 0.001 
Metrics, median (IQR), mm 

Main-PA 26.7 + 4.1 26.3 + 3.8 29.0+48 <0.001 
Right-PA 21.2 + 4.0 20.8 + 3.6 23.9 + 4.6 <0.001 
Left-PA 20.8 + 3.7 20;5'*:5.5 23.6 + 3.7 <0.001 
VC-Tr 31.14 5.1 30.9 + 5.0 32.4+5.5 0.045 
VC-AP 21.5 44.0 21.3 43.9 22.7445 0.053 
VC -Tr/AP 1.5409 15409 1.5402 0.754 
Prognostic scores 

qSOFA, median (IQR),mm 0 (0-0) 0 (0-0) 1 (0-2) <0.001 
0 339 (83.9) 310 (90.4) 29 (47.5) <0.001 
1 42 (10.4) 29 (8.5) 13 (21.3) 

2 14 (3.5) 4 (1.2) 10 (16.4) 

3 9 (2.2) 0 (0.0) 9 (14.8) 

CURB-65, median (IQR) 0.9 41.1 0.7 +09 2.0 + 1.2 <0.001 
CT-SS, median (IQR) 2.8424 25:2:2.2 45428 <0.001 


IQR: Interquartile range; CT-SS: Computerized tomography severity score; CURB-65: 
Confusion, Urea, Respiratory rate, Blood pressure, and age =65 years; GGO: Ground-glass 
opacity; IVC-AP: Inferior vena cava anteroposterior diameter, IVC-Tr: Inferior vena cava 
transverse diameter; IVC Tr/AP: The ratio of the transverse diameter of the inferior vena 
cava to the anteroposterior diameter, Left-PA: Left pulmonary artery diameter; Main-PA: 
Main pulmonary artery diameter; Right-PA: Right pulmonary artery diameter; qSOFA: quick 
Sequential Organ Failure Assessment 


who died (AUC; 0.686, 0.722, 0.746, and 0.581, respectively), a 
statistically significant difference was not detected in terms of 
the IVC-AP (p = 0.053) diameter and the IVC -Tr/AP (p = 0.754) 
ratio. Among the vascular diameters, the highest specific 
measurement was IVC-Tr (79.88%), while the highest sensitive 
measurement was main-PA (78.69%). All the prognostic scoring 
systems, namely qSOFA, CURB-65, and CT-SS, had statistical 
significance for mortality (p < 0.001, AUC; 0.727, 0.798, and 
0.708, respectively). The score with the highest specificity 
was the qSOFA (90.38%), while the most sensitive score was 
CURB-65 (91.79%). Comparisons of the data and ROC curves 
of the parameters considered to be prognostic for in-hospital 
mortality in COVID-19 patients are given in Table 2 and Figure 


Figure 1. Pulmonary artery (PA) and inferior vena cava (IVC) 
measurements. 
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Figure 2. Receiver operating characteristic curves for vessel 
diameters, computerized tomography severity score (CT-SS); 
confusion, urea, respiratory rate, blood pressure, and age =65 
years (CURB-65); and quick sequential organ failure assess- 
ment (qSOFA) score values for in-hospital mortality in COV- 
ID-19 patients. 
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Table 2. Statistical data of receiver operating characteristic curve comparisons between vessel diameters, computerized tomog- 
raphy severity score (CT-SS); confusion, urea, respiratory rate, blood pressure, and age =>65 years (CURB-65); and quick sequential 


organ failure assessment (qSOFA) score values for in-hospital mortality in patients with COVID-19. 


Metric Main-PA Right-PA Left-PA 
AUC 0.686 0.722 0.746 
Cut off value 26.50 22.90 21.60 
Sensitivity 78.69 59.02 73.77 
Specificity 52.48 75.51 65.6 
+PV 22.75 30.00 27.61 
-PV 93.26 91.20 93.36 


CURB-65 
0.581 0.727 0.798 0.708 
34.50 1 1 5 
34.43 52.46 91.79 52.46 
79.88 90.38 54.52 83.67 
23.33 49.23 26.42 36.36 
87.26 91.45 97.40 90.82 


AUC: Area Under Curve, CT-SS: Computerized tomography severity Score; CURB-65: Confusion, Urea, Respiratory rate, Blood pressure, and age =65 years; IVC-Tr: Inferior vena cava transverse 
diameter, Main-PA: Main pulmonary artery diameter; Right-PA: Right pulmonary artery diameter; Left-PA: Left pulmonary artery diameter; PV: Predictive values, qSOFA: quick sequential organ 


failure assessment 


Discussion 

PA and IVC diameters are two easily obtained and reproducible 
measurements available from non-contrast chest CTs. Edwards 
et al.’s investigation of non-contrast chest CT measurements 
involving 100 normal individuals and 12 pulmonary HT patients 
showed an average main-PA diameter of 27.2 + 0.6 mm [17]. 
The Framingham Heart Study of an asymptomatic community- 
based population determined that the gender-specific threshold 
value of main-PA from a non-contrast chest CT was 29 mm for 
males and 27 mm for females [16]. In another study of non- 
contrast chest CT scans, the enlarged PA diameter (main-PA = 31 
mm) had a specificity of 80-98% and a positive predictive value 
of 85-98% for pulmonary HT diagnosis, and these patients had 
a 2-3 times higher risk of mortality than normal patients [18]. 
Pulmonary vasoconstriction described through low angiotensin 
Il and pulmonary small vessel thrombosis and inflammation 
in an autopsy series of patients with COVID-19 pneumonia 
support the pressure change hypothesis of pulmonary arteries 
[19]. Although the primary aim of the current study was 
not to determine a limit value as a predictor of mortality in 
COVID-19 patients, a cut-off value of 26.5 mm for main-PA 
had a sensitivity of 78.69% and a negative predictive value of 
93.26% for mortality. Main-PA, left-PA, and right-PA diameters 
were wider and statistically significant in patients who died (p < 
0.001 and AUC; 0.686, 0.722, and 0.746, respectively). 

IVC sizes have previously been suggested as useful predictive 
markers of adverse cardiopulmonary events and survival [20, 
21]. In a study examining the changes in IVC, aorta, and PA 
diameters in patients with pulmonary embolism, IVC diameters 
were found to be larger in the pulmonary embolism group than 
in the control group. (p < 0.001 and IVC diameter; 24 mm and 
23 mm, respectively) [22]. Acute cardiac damage is a common 
complication in COVID-19 patients because they have an 
increased risk of acute coronary artery disease, cardiogenic 
shock, pulmonary embolism, and heart failure [12, 23]. In 
addition, it has been shown that the occurrence of acute cardiac 
events increases the risk of COVID-19-related death [24]. In an 
echocardiography study examining findings of RV dysfunction 
in COVID-19 patients, Li et al. found that the maximum and 
minimum diameters of IVC increased significantly in critically 
severe patients compared to healthy subjects (p < 0.01) [25]. 
In our measurements of IVC, IVC-Tr was slightly significant for 


mortality (AUC = 0.581, p = 0.045). IVC-Tr had a specificity of 
79.88% and a negative predictive value of 87.26% for mortality 
at a specified cut-off value of 34.50 mm. 

In the study cohort, all three prognostic scores, including qSOFA, 
CURB-65, and CT-SS scores, showed a statistical difference in 
mortality (p < 0.001, AUC; 0.727, 0.798, and 0.708, respectively). 
The highest specific score was qSOFA (90.38%), while the most 
sensitive score was CURB-65 (91.79%) for mortality. 

The detection of enlarged PA in non-contrast chest CT may 
have a potential impact on patient management and treatment. 
COVID-19 patients can rapidly worsen with RV dysfunction 
and _ insufficient ventilation-perfusion 
incompatibility. In patients with severe pneumonia and dilated 
PA measurements, alveolar ventilation may be optimized to 
limit hypoxic vasoconstriction, and prone ventilation may be 
preferred to minimize positive end-expiratory pressure and 
hemodynamic effects. Close monitoring of pulmonary vascular 
resistance should be considered to optimize inotropic support 
and reduce RV afterload. 

Limitations 

The limitation of this study was the lack of right cardiac 
catheterization or echocardiography patient data. Although 
echocardiography is a widely used tool to measure PA pressure, 
the diagnostic accuracy is affected by heart rate, operator 
experience, and, especially, the presence of significant lung 
disease. Therefore, it is not routinely applied to all COVID-19 
patients. During the active disease, we found an association 
between PA diameter and COVID-19 prognosis. However, we 
did not have knowledge of the pre-COVID-19 PA diameter, 
and we did not follow up on the PA diameter after the disease 
was treated. The lack of data on the incidence of pulmonary 
embolism, which can affect the diameter of the PA, was another 
limitation. 

Conclusion 

This study demonstrated that PA and IVC diameters, which are 
easily measured from non-contrast chest CT used for COVID-19 
pneumonia assessment during hospital admission, can provide 
additional prognostic information along with other prognostic 
scores and assist clinicians with patient management. 
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